A cross sectional study was conducted among 500 secondary school students between the ages of 16 and 26 years. Anthropometric measurements were obtained using standard protocols.
Introduction
Alphonse Bertillon was a French criminologist who was the first to develop a system of criminal identification using anthropometric measurements [1] . The correlation between specific body measurements and proportions will help narrow down the process of establishing personal identity when complete evidence is unavailable [2] . For instance, some studies proved that height can be estimated using imprints of the hand and foot or even shoeprints left at a crime scene [3] . The long bones of the limbs are more preferably used [4, 5] to estimate stature than any other evidence left at the disaster scene. A more scientific way of height prediction using anthropometric measurement has been recommended [6] .
The relationships in the dimensions of the parts of the human body and the whole body have drawn the attention of anatomists, anthropologists and biologists for many years. However, this relationship between body parts has been used to investigate variations between sexes or ethnic groups and link them to their lifestyle, the pattern of their locomotion as well as energy expenditure [2] . Measurements such as hand dimensions, leg length and arm span have been used for height estimation in cases when complete evidence of height estimation is not available at the accident scene [8] [9] [10] [11] . It is an established fact that relationships between body measurements do occur on account of variation in population and ethnic origin, which could be linked to differences in nutrition and physical activity [12] . The subject sits in the anthropometric sitting position with shoulder in full extension. Measurements were made using a harpenden anthropometer at ventral surface, starting from mid manubrium passed over shoulder, elbow and wrist to tip of third finger laterally.
Harpenden Anthropometer Humeral Length
The subject is in the anthropometric sitting position with arm bent 90 degrees at the elbow. Standing at the right side of the subject, vertical distance was measured using a harpenden anthropometer between the acromion landmark on the tip of the right shoulder and the bottom of the flexed elbow (olecranon bottom)
Harpenden Anthropometer Sitting Height
The subject is in the anthropometric sitting position with the head in the Frankfort plane. Standing at one side of the subject, vertical distance was measured between the sitting surface and the top of the head (vertex). The blade of the anthropometer was across the top of the head and firm pressure was used to compress the subject's hair. Measurement was taken at the maximum point of quite inspiration.
Anthropometer Thigh Length
Subject sits in the anthropometric sitting posture with 90 degree flexion of knee and 30-45 degree of the hip. Using a harpenden anthropometer, vertical distance was measured between trochanterion landmark on the thigh and the lateral femoral epicondyle landmark.
Harpenden Anthropometer Knee Height
Sitting position with 90 degree flexion of knee and ankle neutral on the surface. Standing at the right side of the subject using a harpenden anthropometer, vertical distance was measured between the surface and the marked standing lateral femoral epicondyle landmark on the outside of the right knee.
Harpenden Anthropometer Forearm Length
Subject sits in the anthropometric sitting posture with the arms bent 90 degrees at the elbow (palms facing medially). Standing on the right side of the subject using a harpenden anthropometer, the distance was measured between the posterior olecranon landmarks to the styloid process of radius on the right wrist. The beam of the caliper was parallel to the long axis of the lower arm. The fixed blade was placed on the posterior olecranon landmark. Enough pressure was exerted to attain contact between the caliper and the skin.
Harpenden Anthropometer Neck Length
Subject sits in the anthropometric sitting position with full neck extension, using an elastic measuring tape at posterior, measurement at the external occipital protuberance to the tip of spinous process of 7th cervical spine (vertebral prominence at the root of neck) was taken.
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Biaxillary Length
Subject stands in anthropometric standing position with arm adduction close to the body. At ventral surface, the distance was measured with the fixed blade of a harpenden anthropometer placed side to side at the junction of the deltopectoral groove and anterior axillary fold.
Harpenden Anthropometer Hand Length
Subject sits with hand placed on a hard surface. Using a harpenden anthropometer, distance was measured at palmar surface, starting at the last crease of the wrist to the tip of mid finger (3rd finger).
Harpenden Anthropometer Foot Length
Subject sits with neutral position of the ankle joint. Using a harpenden anthropometer, measurement from the tip of heel at posterior to tip of first toe was taken.
Harpenden Anthropometer to generate formulae for the estimation of height from anthropometric parameters of some body parts in the Hausa ethnic group of Kaduna state, Nigeria.
Materials and Methods
Study setting
The study was carried out among the Hausa population of Zaria city, Kaduna state, Nigeria. The neighborhoods of Tudun Wada and Danmagaji are predominantly occupied by indigenous Hausa [13] .
Study population
This is a cross-sectional study; a total of 500 healthy secondary school students (247 male and 253 female) between the ages of 16-26 participated in this study. Informed consent was obtained from the students and parent or guardian before commencement of data collection. In order to encourage more candidates and reliable responses, participants were made to complete a self-administered questionnaire. Only subjects belonging to the Hausa ethnic group with no obvious physical deformities were included.
Participants who were less than 16 years of age or older than 30 years of age were excluded. Any participants with amputated limb(s) or diseases that affect the desired measured parameters like edematous limbs, grossly deformed limbs or vertebral bone deformities like kyphosis or lordosis were also excluded.
Anthropometry
Relevant data were collected using protocols described by the previous studies [6, 14] . Table-1 
Statistical analysis
The data were expressed as mean ± standard deviation. Differences in means between male and female were obtained using student's t-test. Relationships between anthropometric measurements were investigated using the Pearson's correlation coefficient. Simple and multiple linear regression analyses were used to estimate height from other anthropometric parameters. SPSS statistical software was used for all the analyses. p < 0.05 was set as level of significance. Height was observed to have more positive and stronger correlations with demispan length than the other body length anthropometric parameters. The least correlation was observed between height and neck length (Table-3 ).
Results
The demispan length showed a strong correlation coefficient with a better estimation ability. A strong correlation was also observed between height with sitting height, thigh height, and knee height ( Table-4 ). Table-5 shows equations for height estimations from length anthropometric parameters among Hausa males. In all the parameters, height correlated strongly with demispan length, sitting height, thigh height, knee height, forearm length and humeral length with height. Table-6 shows equations for height estimations from length anthropometric parameters among Hausa females. In all the parameters, height correlated strongly only with demispan length. Tables-7 and 8 show the single and multiple regressions with the parameters that had the highest correlation coef- 
Discussion
Height is one of the parameters used most frequently in clinical and forensic practices; however, in some situations, it is unobtainable. This has led to finding alternatives by using anthropometric measurement, and a lot of formulas have been reported. However, ethnic differences, gender and age are considered as variables for application and external validation in different populations. The objectives of the study were to investigate sexual dimorphism and to develop prediction models using body length anthropometric parameters among the Hausa ethnic group.
This study confirmed sexual dimorphism, as males showed higher mean anthropometric values than females.
The same has been reported in previous studies [15] [16] [17] [18] .
This supports the fact that males tend to have larger body proportions and builds compared to females. The findings of this study revealed that height is significantly related to anthropometric parameters. This is in line with the report of previous studies on stature estimation in Nigeria [14] [15] [16] [19] [20] [21] [22] [23] [24] [25] . This further explained the validity and reliability of body length parameters in estimating statures.
The highest correlation of height with demispan length compared to the other parameters is in agreement with the previous study [26] , which reported that arm span correlated more strongly with height than knee and sitting height.
This finding is also in line with the study performed in elderly females in south India [27] , which showed that the arm span correlated more strongly with height than sitting height or leg length. Contrary to the present study, it was reported that knee height or leg length had the highest correlations in the single parameters and higher predictions than other parameters. This is followed by sitting height, foot length, thigh length, hand length, humeral length and forearm length, respectively [6] .
Standard error of estimate (SEE) obtained in this study was used to estimate the precision of the method. Males showed better precision than females. This is in line with the previous findings in Nigerian [14] , Turkish [28, 29] and Indian [30, 31] populations. Therefore, higher predictive ability was observed in males than females in the Hausa ethnic group.
The degree of correlations in the present study proved that different body lengths could be used in height estimation in Nigeria. The study will help medical and legal practitioners to properly identify individuals in situations where body parts like hands or legs are available in accidents, crimes or disaster scenes. The present study intends to establish these equations as an addition to building anthropological baseline data for Nigerians.
Conclusion
Hausa males tend to have larger body proportions compared to Hausa females. The strongest correlations were observed between height and demispan length in the over-all population, the most reliable linear regression equation 
